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Let's Make Al Smarter
Robust AI Integrating

Knowledge Representation and Reasoning
with Machine Learning

Inference & Learning (INOUE, Katsumi) Lab [Principles of Informatics Research Division]

Katsumi INOUE?%14 Taisuke SATO? Kotaro OKAZAKI® Akihiro TAKEMURAZ2 Tuan Quoc NGUYEN? Mitsuhiro ODAKA245 Fanqing XU12
Koji WATANABE?®2 Masayuki OTANI32 Takeru ISOBE!2 Sota MORIYAMA?3:2

ISOKENDAI 2NIl 3Tokyo Tech “Centrale Nantes [France]®>JSPS 9SONAR Inc.

WHAIT WHY b,

Knowledge Machine , .
R E NIl Dcvelopment of fundamental Al techniques

(LRgasonlng (Pattem.Recognition’ (RobustAlthat combines Establishment of new fundamental techniques
ogic programming / especially Deep , o
learning with inference) :
to realize robust Al (trustworthy Al)

Symbolic computing) Learning) ‘
A Knowledge discovery and understanding
Discovery of rules or equations governing the dynamics of a system
Applications to mathematical optimization

problems & real-world issues
“* Scheduling problems (Graph coloring, Sudoku, etc.)

“* Boolean satisfiability problem (SAT)

@ \ ** Biology (Gene Regulatory Networks)

Background & Aim

Background \What ChatGPT IS missing Aim * Inference using deep learning for high-speed processing

“* Exhaustive and fast hypothesis space search from large-scale datasets
* Knowledge (hypothesis) discovery independent of human cognitive biases

Can humans interpret the
process of learning and
reasoning?
(Interpretability)

Are the results not
affected by small or
missing data or
unexpected variants?
(Robustness)

Can it handle a large
number of variables fast?

(Scalability)

®
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0
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* Robotics (Game Al, Robot rescue simulation)

L/

o0

0

&

L/

L)

A lot of Al using machine learning (especially deep learning)
< High-speed processing of given data (but the rationale for decisions in a black box) INOUE Lab’s attempts

L)

4

L)

» Retrieve & organize large amounts of existing data/knowledge and

L)

< Creating “Robust Al" that leverages the strengths of both symbolic reasoning & deep learning

L)

oresent the results to us (but not add new knowledge) “* Solve inverse problems (system identification problems) based on large-scale observational
How to surmount the shortcomings of machine Iearning data, background theory, and knowledge for various tasks and evaluate performance.
* Represent knowledge symbolically and explicitly show the reasoning process Significance

that leads to a decision “* Understanding dynamics by finding new causal factors on mechanisms

(4

Symbolic Al and logic programming research areas
(but not so good at handling large datasets)

Description of our research (methods, results, and conclusions)

*

* DX + automated scientific discovery, etc.

®

< Discover new knowledge (hypotheses)

[ If gravity is at work, then theoretically an apple should fall from a tree. . . .
LG Deriving verifiable predictions from hypotheses ] Difference between deduction and abduction
\_/ Conclusions are included in the premise and thus do not lead to new findin% _ | | |
H"" 0 Deduction TNL eduction Major premise) Gravity works — An apple falls
=i\ [ (Analytical reasoning)  Minor premise)  Gravity works
@th@gﬂ V@ H@iﬁ@m Consequence) An apple falls
—Knowledge -
Abduction Surprising facty . A _n__g_p_p_l_g__f_ql_!_s_“
- (Synthetic reasoning) Premise) . Gravity works — An.apple falls..

Abduction '

Discovering knowledge (hypotheses)

not yet explored by humankind
An apple falls from a tree (a surprising

fact). But if gravity works on things, then @ﬁ@[ﬁ]tﬁﬁ ﬁ@@@\/i ry

it is valid that an apple should fall fI’O@ | [(/E

tree. Therefore, there is a reason to © 11 ' @ i ) SN

assume that gravity works (discovery of m @S@VW@E“@ | \\

Newton's law of universal gravitation). [FM H 5 .
Induction

Generalizing many examples to find patterns and common rules

The collection of similar cases strengthens the soundness of inferences.
The force that pulls things from the center of the earth Find your topic of interest and ask the corresponding member for more details!

(masses attracting each other), i.e., gravity, is working. Sym b 0 ] ] o Spa ce *~ = CO nt] NUOUS A] geb ra ] C

T SR s tion?
Background Theory/Knowledge " N o\ Segregac Space
AN - ..,‘_f)ntinuous dyn

|Demonstration/experiment

Recording & collecting case studies

-An apple fell from a tree in Tokyo. e.g., induced common rules

*An apple fell from a tree in NY.
/ \r% *An apple fell from a tree in Paris.

Hypothesis) Gravity works

Knowledge of attributes or properties Knowledge extracted from text T
Knowledge expressed by [~ o Aisadog ghtmvacuumis Causality, Axiom Connecting InfgrenCeaypiSiZinncilic e aMics
human written language 299,792,458 m/s. P— SE@@@@ D@@[@ rninggin Continuobis % s e E -
(natural | ) Knowledge of relationships, cause —_ Knowledge bases o o values of |state®,  .~"" . i
natural language and effect, and conditions Knowled hs & Ontol @@[@tﬂ[ﬁ]@@@@ Aﬂ@@b@ﬂ@ Space variables| . e ﬂ
o The next program after news ge grapns ntology _ _ T y€$a% | S : T_T\ ’,
program B is variety program C. . ] PhyS|CS Simulation X Al Time ‘/—-—-'
o When gene D is activated, gene E V/@rious kn()Wledge representatlon . _ _ _ _ : _ High_spe IR
e d ¢ Parsimonious Equation Learning with Causality mdaka)COmDutat-ed a T
. _ [
Knowledge expressed by the language suitable Equations EX = F(X) < Cellular automaton & Learning network constructing rules (Fanging)' °" GPUs
for analyzing and reasoning mathematically and . P 1 .
analyz, g g y Causal networks Logic programs Logic in Vector Space Appllcatlons
logically (formal language) Boolean networks Graph StructuréssetOf formulae (clauses) s, Diffarentiable logic reasoning, learning, and *I*Biology (Sato/Odaka)
e.g., "If A is true, then B is true." @ a < b Vc probabilistic programming in vector space (Sato)
o ! ' Bayesian networks @H _ _ _ _
- y o . N 4 b < —c » Linear algebraic logic programming (Nguyen) \
ere are various ways to represent knowledge in ree-context grammars "
y P | | g Approaches g @ c <«(@anb)Vve » Differentiable Logic Programming (Takemura) S Busi intell; -
a formal language, such as equations, logic = Deep reinforcement learning (Moriyama) 1 aSKS “ Diff . < Buslness e Ig.ence
_ | e < Differentiable SAT/SMT (Watanabe) (Okazaki)
orograms, and graph structures. = Answer Set Programming; ASP (Otani) * Boolean Satisfiability Problem (SAT) |
= Inductive Logic Programming: ILP (Isobe) ® Satisfiability Modulo Theories (SMT) ‘ |
Contact : National Institute of Informatics, Principles of NOUE
Informatics Research Division, Katsumi Inoue aboratory

nference & 'earning PC users are redirected to an external site (Inoue Lab Web).

URL : https://research.nii.ac.jp/il Email : inoue@nii.ac.jp
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